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Description 

BACKGROUND OF THE INVENTION 

5 Technical Field of the Invention 

[0001] The Invention relates to the field of radio frequency (R.F.) circuits and in particular to multiband R.F. circuits 
adapted to two or more R.F. frequency bands like the frequency bands defined for the global system for mobile com- 
munication (GSM), e.g. 450 IVIHz (GSM 450), 900 MHz (GSM 900), 1800 MHz (GSM 1 800) and 1900 MHz (GSM 1900). 

10 

Description of the Prior Art 

[0002] R.F. circuits are utilized for a large variety of different applications. As an example, antenna switching circuits 
for mobile telephones can be mentioned. Mobile telephones adapted to the time division multiple access (TDM A) mode, 
^5 for example GSM systems, are commonly using antenna switches for coupling an antenna port to either a transmitter 
path or a receiver path of the mobile telephone. 

[0003] An antenna switch for a single frequency band and consisting essentially of two pin-diodes and a quarter- 
wavelength transformer is known from WO 88/00760. The antenna switch is depicted in Fig. 1. In a transmit mode, 
both pin-diodes D1 and D2 are switched on. A transmitter port Pjx is thus connected to an antenna port Pant ^ 

20 first pin-diode D1 . A receiver port Prx connected to ground via a second pin-diode D2 and the resulting short circuit 
at receiver port Ppix is transformed by the quarter-wavelength transformer to an open circuit at antenna port P/vNy. 
Receiver port Pp^x '® isolated from antenna port Pant- In a receive mode both pin-diodes D1 and D2 are switched 
off. In the receive mode, transmitter port P-rx is virtually disconnected from antenna port P^nt receiver port Pj=ix 
is connected to antenna port Pp^^^j via the quarter-wavelength transfonner. The switching state (on/off) of pin-diodes 

25 D1 and D2 is controlled by means of a control voltage V^c applied to a control port. Inductor L1 provides a DC path 
to pin-diodes D1 and D2 and resister R1 sets the DC current through pin-diodes D1 and D2. 
[0004] For mobile telephones operable In a dual frequency band mode or in a triple frequency band mode the antenna 
switch depicted in Fig. 1 has to be modified. In dual band applications like GSM 900 / GSM 1 800 or GSM 900 / GSM 
1 900 for example a diplexer circuit may be inserted into the common antenna path. The dipiexer circuit splits Incoming 

30 antenna signals into high-band signals and low-band signals. The Incoming high-band signals and low-band signals 
are thereafter individually applied to separate antenna switches. Thus a first antenna switch for high-band signals and 
a second antenna switch for low-band signals has to be provided, each antenna switch further splitting the antenna 
path into a transmitter path and a receiver path. Triple-band applications like GSM 900 /GSM 1800 /GSM 1900 usually 
also utilize a single diplexer circuit for splitting the common antenna path Into a low-band signal path (GSM 900) / and 

35 a combined high-band signal path (GSM 1 800 / GSM 1 900). 

[0005] The use of a diplexer circuit for splitting a signal incident at the antenna port into low-band and high-band 
signals leads to a rather complex circuit design. Therefore, antenna switches configured to also perform the signal 
splitting function of a diplexer circuit have been proposed. 

[0006] An antenna switch for coupling a single antenna to either one of a first and a second receiver, operable at a 
40 first and a second frequency band, respectively, and a first and a second transmitter, operable to transmit at the first 
and the second frequency band, respectively, is known from DE 197 04 151. The antenna switch has a multiband 
transfonnatlon stage 100 as schematically depicted In Fig. 2. The multiband transfonnation stage 100 comprises a 
common signal input 1 02, two separate signal outputs 1 04, 1 06, two quarter-wavelength transformers SL1 , SL2 coupled 
in series and three switching elements SE3, SE4, SE5. 
45 [0007] The two quarter-wavelengthtransfomiers SL1 , SL2 coupled in series represent together a quarter-wavelength 
transmission line at a first frequency band and each single quarter-wavelength transformer SL1, SL2 represents a 
quarter-wavelength transmission line for a second frequency band equaling approximately twice the first frequency 
band. 

[0008] Signal input 1 02 of the multiband transformation stage 1 00 is usually coupled to an antenna and to a multiband 
50 transmitter switch for coupling either a first transmitter operable In the first frequency band or a second transmitter 
operable in the second frequency band to the antenna. First signal output 104 may be coupled to a first receiver 
receiving in the first frequency band and second signal output 106 may be coupled to a second receiver receiving In 
the second frequency band. 

[0009] The multiband transformation stage 1 00 has four operational states, in a first operational state corresponding 
55 to transmission in the first frequency band, switching elements SE3 and SE4 are switched off and switching element 
SE5 is switched on. The short circuit created by switching element SE5 at a node 1 08 is transfonned to an open circuit 
for the first frequency band at signal input 1 02 of the multiband transfonnation stage 1 00. In a second operational mode 
corresponding to transmission In the second frequency band, switching element SE3 is switched on and switching 
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elements SE4 and SE5 are switched off. Switching element SE3 thus creates a short circuit at a node 110. This short 
circuit Is transformed by the quarter-wavelength transmission line SL1 to an open circuitforthe second frequency band 
at signal input 1 02. In athird operational state corresponding to receiving in the firstf requency band, switching elements 
SE3, SE4 and SE5 are turned off. Consequently, first signal output 104 is coupled impedance-matched via the two 
quarter-wavelength transmission lines SL1, SL2 with signal Input 102. In a fourth operational state corresponding to 
receiving in the second frequency band, switching element SE3 is turned off and switching elements SE4, SE5 are 
turned on. This means that second signal output 1 06 is coupled impedance-matched via first quarter-wavelength trans- 
mission line SL1 with signal input 1 02. Further, the short circuit created by switching element SE5 is transfonned by 
second quarter-wavelength transmission line SL2, which has a quarter-wavelength characteristic for the second fre- 
quency band, into an open circuit at second output port 106. 

[0010] The fourth operational stage necessitates that the two quarter-wavelength transmission lines SL1 , SL2 have 
an identical transformation characteristic. This requirement, however, limits the applicability of the multiband transfor- 
mation stage 100 depicted In Fig. 2 to the case where the first frequency band equals approximately half the second 
frequency band. A further disadvantage of the multiband transformation stage 1 00 is the fact that In the fourth opera- 
tional state, I.e. in high-band receive mode, two switching elements SE4, SE5 are in an on state. This leads to a 
considerable current consumption in the order of milliamperes and reduces the stand-by time of battery-powered de- 
vices. Moreover, the multiband transformation stage 100 comprises altogether three switching elements SE3, SE4, 
SE5 which have to be biased. This requires a comparatively complex biasing network. The biasing network becomes 
even more complex if the multiband transformation stage 100 has to be adapted for triple-band applications. 
[0011] Also, the multiband transformation stage 100 suffers from limited isolation between signal input 102 which 
may be coupled to transmitters and signal outputs 1 04, 1 06 which may be coupled to receivers. This means that 
terminations of signal outputs 104, 106 become relevant in the first two operational states, i.e. in transmit modes. 
Terminations of output ports 104, 1 06, however, are difficult to design due to the constraints imposed by the receivers 
coupled to output ports 1 04, 1 06. 

[0012] There is, therefore, a need for a multiband transformation stage which does not suffer from the limitations of 
prior art multiband transfonnation stages. There is further a need for a multiband switching device comprising such a 
multiband transformation stage. 

SUMMARY OF THE INVENTION 

30 

[0013] The existing need is satisfied according to the invention by a multiband transfomnation stage comprising a 
first common signal port, a second common signal port and a signal path coupled between the first common signal 
port and the second common signal port, the signal path being switchable between a first state with a first quarter- 
wavelength transfomner characteristic for a first frequency band, a second state with a second quarter-wavelength 
35 transfomner characteristic for a second frequency band and a third state with a transmission characteristic for at least 
the first frequency band and the second frequency band. 

[001 4] The multiband transformation stage according to the Invention can be used in all multiband environments that 
require a coupling of an electrical component to an input^output port in a first mode (third state of the multiband trans- 
formation stage) and a decoupling of the electrical component from the input/output port In a second mode (first state 
40 and second state of the multiband transfonnation stage). Preferably, the multiband transformation stage is used to 
decouple in a transmit mode a multiband transmitter switch, which is coupled to an antenna port, from a multiband 
receiver switch or a multiband transmitter/receiver switch, which is coupled to the antenna port via the multiband trans- 
formation stage. 

[0015] The multiband transfomnation stage may easily be adapted to more than two different frequency bands, for 
45 example to triple-band or quadruple-band applications. In this case the signal path may be switchable among further 
states, each further state corresponding to an individual quarter-wavelength transmission characteristicf or an individual 
further frequency band. If frequency bands are only slightly spaced apart, however, a single state may be allocated to 
such frequency bands since a state having a quarter- wavelength transmission characteristic for one of these frequency 
bands will also have a fairly good quarter-wavelength transmission characteristic for nearby further frequency bands. 
50 [0016] According to the invention, a signal fed in the third state into the multiband transfomnation stage via one of 
the common signal ports is transferred to the other common signal port regardless of its frequency. If desired. Individual 
signal paths for individual frequency bands may therefore be selected only after the signal is output by the multiband 
transformation stage. For example, one common signal port may be split up into several individual ports. Since the 
signal path needs not necessarily be selected within the multiband transfonnation stage there are less constraints with 
55 respect to the construction of the multiband transformation stage. This allows a less sophisticated and a more flexible 
realization of the multiband transmission stage. 

[0017] For example, the third state of the signal path can be realized without the need to turn any switching elements 
on. The power consumption In the third state can thus be kept very low. Moreover, the use of the multiband transfor- 
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mation stage is no longer limited to frequency bands liaving a specific frequency ratio. Also, when splitting up the signal 
path after the signal has propagated through the muttiband transfonnation stage, specific temnlnatlon ports having a 
pre-determlned temnlnatlon Innpedance can be provided, thus enhancing isolation of the multlband transformation stage 
In the first and second state of the signal path. 

5 [0018] The switchable signal path of the multiband transformation stage can be realized in various ways. According 
to a preferred embodiment, the signal path has two signal path portions coupled in series. For example, a first signal 
path portion Is coupled between the first signal port of the mulitband transformation stage and a first node and a second 
signal path portion Is coupled between the first node and the second signal port of the multlband transfonnation stage. 
Preferably, each signal path portion has a specific quarter-wavelength characteristic. The quarter-wavelength charac- 

10 teristlcs of the individual signal path portions can be chosen such that the first signal path portion has a quarter-wave- 
length characteristic for the first frequency band and that the first signal path portion and the second signal path portion 
together have a quarter-wavelength characteristic for the second frequency band. 

[0019] If the multiband transformation stage is used in a multiband environment in which a third frequency band 
appears which has a greater distance from the first and the second frequency bands, the signal path may comprise a 
15 third signal path portion. This third signal path portion can be coupled In series with the first and the second signal path 
portions and may have a quarter-wavelength characteristic which is chosen such that the three quarter-wavelength 
portions together have a quarter-wavelength characteristic for the third frequency band. This concept can analogously 
be extended if four or more substantially different frequency bands are employed. 

[0020] The switching of the signal path may be performed by means of switching elements which are preferably 
20 ■ independently switchable from each other. One switching element may be provided for each signal path portion. One 
switching element each may be coupled to one of the two ends of a respective signal path portion. The switching 
elements may be arranged such that they allow to selectively short-circuit the respective ends of theslgnal path portions. 
Due to the quarter-wavelength characteristic of each signal path portion the short circuit Is transformed, for a specific 
frequency band, to an open circuit at one of the signal pori:s of the multlband transfonnation stage. By appropriately 
25 switching the single switching elements the signal path thus becomes tunable with respect to various quarter-wave- 
length characteristics. 

[0021] According to a preferred embodiment, the multiband transfonnation stage is constructed in multi-layer tech- 
nology or with discrete components. Due to the fact that the multiband transformation stage is of comparatively low 
complexity, standardized low price multi-layer technology can be used. Preferably, the multlband transfonnation stage 
30 is realized as an Individual device which allows to insert the multiband transformation stage In a modular manner in 
existing environments. 

[0022] The multiband transfonnation stage according to the Invention can advantageously be employed for realizing 

multiband switching devices like multiband antenna switches. A multiband switching device may comprise at least one 
of a high-power stage coupled to the first signal pori: of the multiband transformation stage and a low-power stage 
35 coupled to the second signal port of the multiband transformation stage. Preferably, the multiband switching device 
further comprises a common node to which an Input/output port, the high-power stage and the first signal port of the 
multlband transformation stage is coupled. 

[0023] The multiband transformation stage may be used to decouple the high-power stage from the low-power stage. 
Also, the multiband transfonnation stage can be used to appropriately terminate the common node of the high-power 

40 stage, the input/output port and the signal ports of the multiband transformation stage. Thus, a pre-defined impedance 
at the common node can reproducibly be realized. 

[0024] The low-power stage can be a low-power switch comprising a first signal port coupled to the second signal 
port of the multlband transfonnation stage and further comprising a plurality of second signal ports which may be 
coupled to the first signal port of the low-power switch. By means of the low-power switch the single signal path of the 

45 multlband transfonnation stage can selectively be connected to one of the plurality of second signal ports of the low- 
power switch. For example, the low-power switch may have an individual signal input or output port for each frequency 
band. In the case of mobile telephones operable for example In a GSM 900, GSM 1800 and GSM 1900 mode, the low- 
power switch may thus comprise three corresponding second signal ports configured as signal output ports. The low- 
power switch may have additional second signal input or output ports for signals such as a low-power transmitter signal, 

so a global positioning system (GPS) signal or a Bluetooth signal. 

[0025] Also, the low-power stage can have one or more second signal poriis which are configured as auxiliary ports. 
The auxiliary ports can be tenninated with different pre-determined impedances. By coupling the multlband transfor- 
mation stage by means of the low-power switch to a pre-determined Impedance a high isolation of the multiband 
transformation stage can be achieved. According to a further option, the one or more auxiliary ports can serve as input 

55 ports for a DC voltage. The DC voltage can e.g. be used for controlling switching elements or other components of the 
multiband transformation stage. 

[0026] Preferably, the low-power switch Is realized as a microwave monolithic integrated circuit (MMIC) device. Since 
the multiband transformation stage ensures a good isolation between the high-power stage and the low-power stage, 
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it becomes possible to use low-power MMIC devices, i.e. standard MMIC devices already available from a large number 
of suppliers at a comparatively low price. MlVilC low-power switches have the additional advantage that the number of 
second signal ports of the low-power switch can easily be Increased up to five or more. The number of e.g. signal 
output ports is thus no longer restricted by the design of the multiband transformation stage. Moreover, the power 

5 consumption of MMIC devices is comparatively low, Therefore, the overall power consumption of the multiband switch- 
ing device is also low, especially when the switching elements of the multiband transformation stage are switched off. 
[0027] Modular IVIMIC low-power stages can advantageously be combined with modular multiband transformation 
stages and high-power stages constructed in multi-layer technology or with discretecomponents. The modular concept 
allows a mutti-sourcing of the individual modular stages from different suppliers and Is thus suitable for very high volume 

10 products. Moreover, the modular concept minimizes design risks since the modular stages of the multiband switching 
device can be split up and verified separately. Also, the modular concept leads to more flexibility In printed circuit board 
(PCB) design due to the possibility of splitting of the individual modular stages. 

[0028] The multiband switching device is preferably employed as an antenna switch in mobile telephones. The low- 
power switch can thus be configured as a multiband receiver switch. Also, the low-power switch may be configured as 
15 a multiband transmitter/receiver switch provided that the mu Itiband transmitter/receiver switch is subjected to o nly low 
transmit powers. Thus, low-power transmit signals may be fed Into the antenna switch via the low-power stage. The 
high-power stage can comprise a multiband transmitter switch. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Further aspects and advantages of the invention will become apparent upon reading the following detailed 
description of a preferred embodiment of the invention and upon reference to the drawings, in which: 

Fig. 1 is a schematic diagram of a prior art single band antenna switch; 

Fig. 2 is a schematic diagram of a prior art dual-band antenna switch; 

Fig. 3a is a schematic diagram of a triple-band antenna switch according to the Invention; 

30 Fig. 3b Is a schematic diagram of a quadruple-band antenna switch according to the invention; 

Fig. 4 is a schematic diagram of a basic simulation setup for the triple-band antenna switch of Fig. 3; 

Fig. 5 is a tabie showing simulation models and data sets used for the simulation setup of Fig. 4; and 

35 

Fig. 6 shows the simulation results of the simulation setup of Fig. 4. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

40 [0030] I n Fig. 3a a schematic diagram of af irst embodiment of a multiband switching device according to the invention 
in the form of a triple-band antenna switch 10 is illustrated. The antenna switch 10 is part of a mobile telephone operable 
in three frequency bands in accordance with GSM 900, GSM 1800 and GSM 1900. 

[0031] The antenna switch 1 0 depicted in Fig. 3a has a modular structure and consists essentially of a high-power 
stage 12, a multiband transformation stage 14 and a low-power stage 1 6. A signal output 1 8 of the high-power stage 
45 1 2, a first signal port 20 of the multiband transfomnatlon stage 1 4 and an input/output port configured as antenna port 

22 are each coupled to a node 24. A second signal port 26 of the multiband transformation stage 14 is connected to 
a signal input port 28 of the low-power stage 1 6. 

[0032] The high-power stage 12 Is constructed in multi-layer technology and is used as a multiband transmitter 
switch. It comprises a first signal Input 30 and a second signal input 32 coupled to respective transmitters not depicted 

50 In Fig. 3a. The first signal input 30 is used as common GSM 1800 / GSM 1900 signal input. I.e. as high-band signal 
Input. The second input 32 is used as GSM 900 signal Input, i.e. as low-band signal Input. A first high-power signal 
path 34 Is coupled between the high-band signal input 30 and a node 36. Asecond high-powersignal path 38 is coupled 
between the low-band signal input 32 and the node 36. Each high-power signal path 34, 38 comprises a low-pass filter 
40, 42 followed by a switching element In the fomn of a pin-diode 03, D4. The low-pass filters 40, 42 reduce the level 

55 of Spurious transmitter signals at harmonic frequencies. The high-power stage 12 further comprises an individual bi- 
asing network not depicted in Fig. 3 for each pin-diode D3, D4. Each biasing network may be configured like the biasing 
network depicted In Fig. 1 . 

[0033] The multiband transfomnation stage 1 4 has a single signal path 50 which connects the first signal port 20 and 
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the second signal port 26 of the multlband transformation stage 14. The signal path 50 is constituted by two signal 
path portions in the form of a first transmission line T1 and a second transmission line T2 coupled in series. The first 
transmission lineTI is configuredto have approximately a quarter-waveiengthcharcteristic for the two frequency bands 
of 1800I\^H2 and 1900 MHz corresponding to GSM 1800 and GSM 1900. The second transmission line T2 is configured 

5 such that the two transmission lines T1 and T2 coupled in series have approximately a quarter-wavelength character- 
istic for the frequency band of 900 MHz corresponding to GSM 900. 

[0034] The multlband transformation stage 14 further comprises two switching elements in the form of pin-diodes 
D1, D2. The two pin-diodes D1, D2 can be switched independently from each other by means of individual biasing 
networks not depicted in Fig. 3a. Each biasing network may be configured like the biasing network depicted in Fig. 1 
10 and may comprise an inductor and a resistor. The first pin-diode D1 is coupled between ground and a node 52 con- 
necting the two transmission lines T1 , T2. The second pin-diode D2 is coupled between a node 54 and ground. The 
node 54 is further coupled to the second signal port 26 of the multiband transformation stage 14 and an end of the 
second transmission line T2 which faces the low-power stage 1 6. 

[0035] The multiband transformation stage 14 is also constructed in multi-layer technology. In accordance with the 
15 modular aspect of the invention, the high-power stage 12 and the multlband transfonnation stage 14 are realized as 
individual stages on different substrates. Altematively, the high-power stage 1 2 and the multiband transfomnation stage 
14 couid be Integrated on a single multi-layer substrate. 

[0036] The low-power stage 1 6 is basically a receive switch matrix with a signal input port 28 coupled to the second 
signal port 26 of the multiband transfonnation stage 14, three signal output ports 56, 58, 60 and an auxiliary port 62. 

20 The low-power stage 1 6 has a signal input 64 for a control signal which specifies which of the ports 56, 58, 60, 62 is 
to be coupled to the signal input port 28 of the low-power stage 1 6. The low-power stage 1 6 has one signal output port 
for each frequency band. The signal output port 56 defines the 1900 MHz signal path and Is coupled to a 1900 MHz 
receiver. The signal output port 58 defines the 1800 MHZ signal path and Is coupled to a 1 800 MHz receiver. Finally, 
the signal output port 60 defines the 900 MHz signal path and is coupled to a 900 MHz receiver. The receivers are not 

25 depicted In Fig. 3a. The auxiliary port 62 Is tenninated with a pre-defined fixed impedance. The function of the auxiliary 
port will be described later in more detail. 

[0037] Now, the different operational modes of the antenna switch 1 0 are described with reference to the following 
table: 



30 



mode 


state of signal patii 50 


D1 


D2 


transmit GSM 900 


1 


OFF 


ON 


transmit GSM 1 800 / GSM 1 900 


2 


ON 


OFF 


receive GSM 900 / GSM 1 800 / GSM 1 900 


3 


OFF 


OFF 



[0038] First, the high-band transmit mode, i.e. transmission In the 1 800 MHz band or 1 900 MHz band, is described. 
In the high-band transmit mode either a GSM 1800 transmitter signal or a GSM 1900 transmitter signal is applied to 
the first signal input 30 of the high-power stage 12. Pin-diode D3 is switched on and pin-diode D4 is switched off. 
Consequently, either the GSM 1800 transmitter signal or the GSM 1900 transmitter signal is fed to the antenna port 
22. In the multlband transformation stage 14 pin-dlode D1 Is switched on and pin-diode D2 is switched off during high- 
band transmission. This corresponds to the first state of the signal path 50 in which the short circuit at node 52 Is 
transformed by the first transmission lineTI, which has a quarter-wavelength transfonner characteristic at high-band 
frequencies, to an open circuit at the first signal port 20 of the multiband transformation stage 14. Consequently, the 
low-power stage 16 remains Isolated from the high power stage 12 and the antenna port 22. 
[0039] In the low-band transmit mode a GSM 900 transmitter signal Is applied to the second signal input 32 of the 
high-power stage 12. Pin-dlode D3 Is switched off and pin-dlode D4 is switched on. Consequently, the GSM 900 trans- 
mitter signal is fed to the antenna port 22. In the multiband transformation stage 14 pin-dlode D1 is switched off and 
pin-diode D2 Is switched on in the low-band transmission mode. This corresponds to the second state of the signal 
path 50 of the multlband transformation stage 14 in which the signal path 50 has a quarter wavelength transformer 
characteristic for the 900 MHz transmitter signal. The short circuit at node 54 is transformed by the two transmission 
lines T1, T2 to an open circuit at the first signal port 20 of the multiband transformation stage 14. Consequently, the 
low-power stage 16 Is isolated from both the high-power stage 12 and the antenna port 22 in the low-band transmit 
mode. 

[0040] The low-power stage 16 is configured as a GaAs MMIC receiver switch matrix. Such GaAs MMIC devices 
usually generate spurious signals at harmonic frequencies in response to high-power output signals in transmit modes. 
These spurious signals are generated internally and appear finally at the antenna port 22. However, no further low- 
pass filtering can be provided at the antenna port 22. Therefore, spurious signals have to be kept below certain limits 
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specified in e.g. tlie GSM standard. In tlie antenna switcli 10 according to Fig. 3a transnriitter signals present at node 
24 are sufficiently attenuated by tlie amount of isolation provided by the multiband transfonrnation stage 14 such that 
spurious signal generation within the tow-power stage 1 6 is l<ept snnall even without taking further measures. 
[0041] In the high-band and low-band transmit modes the low-power stage 16 is switched such that the signal output 

5 26 of the multiband transformation stage 14 is coupled to the auxiliary port 62 which is terminated with a specific 
impedance. Such a fixed termination is advantageous because it has been found that stop-band attenuation of the 
low-pass filters 40, 42 arranged within the high-power stage 12 is effected by the impedance present at node 24. Best > 
transmission perfonnance is achieved when the system impedance of for example 50 Ohm is present at node 24. In 
the prior art depicted in Fig. 1 , however, it was observed that unused ports like the signal outputs 1 04, 1 06 coupled to 

10 both the signal input 1 02 and corresponding receivers exhibit a varying impedance in the transmit modes. This is due 
to the fact that receiver filters lead to a mismatch at the signal outputs 1 04, 1 06 in the transmit mode. A varying im- 
pedance at the signal outputs 104, 106, however, may modify the impedance of the switching elements SE3, SE4, 
SE5 of the multiband transformation stage 100 such that no effective short circuit is created. Thus no proper transfor- 
mation to an open circuit impedance at the signal input 1 02 of the multiband transfomriation stage 1 00 can be achieved. 

IS This usually effects the matching of the respective transmitters as well as the performance of low-pass filters within a 
high-power stage coupled to the signal input 102. 

[0042] This problem of prior art antenna switches is overcome by the implementation of the auxiliary port 60 which 

allows a fixed termination of the signal output 26 of the multiband transformation stage 14 in transmit modes. By 
activating the auxiliary port 60 the impedance at node 24 can thus be kept constant. Any transmitter signal will therefore 

20 be attenuated due to the isolation provided by the multiband transfomriation stage 14 and additionally by the isolation 
of the low-power stage 16 with activated auxiliary port 60. The maximum Input power requirements of the receiver 
filters can be decreased accordingly. High-power receive saw filters are therefore no longer necessary. The size of 
saw filter structures can thus be reduced. Furthermore, advantages for multi-burst transmit modes as required by 
general packet radio systems (GPRS) arise. 

25 [0043] Up to now the low-band and the high-band transmit mode have been illustrated. Next, the receive mode will 
be described. The receive mode corresponds to the third state of the signal path 50 within the multiband transformation 
stage 14. In the receive mode, ail pin-diodes D1, D2, D3, D4 are switched off. Therefore, power consumption of the 
antenna switch 10 is very low in the receive mode. 

[0044] Since both pin-diodes D1 , D2 of the multiband transformation stage 1 4 are switched off in the third state, the 
30 two transmission lines T1 , T2 can be considered as a pure transmission line without quarter-wavelength transformer 
characteristic. In the receive mode, one of the signal output ports 56, 58, 60, i.e. a respective receiver, is coupled to 

the antenna port 22 in an impedance-matched manner. 

[0045] In Fig. 3b a schematic diagram of the second embodiment of a multiband switching device according to the 
invention in the form of a quadruple-band antenna switch 10 is illustrated. The antenna switch 10 is part of a mobile 
35 telephone operable in four frequency bands in accordance with GSM 450, GSM 900, GSM 1800 and GSM 1900. The 
antenna switch 1 0 depicted in Fig. 3b has some similarities with the antenna switch of Fig. 3a. The same reference 
numbers are thus used for corresponding components. 

[0046] Again, the antenna switch 1 0 depicted in Fig. 3b has a modular structure and comprises a high-power stage 
12, a multiband transformation stage 14 and a low-power stage 16. The high-power stage 16 is constructed in muiti- 
40 layer technology and is used as a multiband transmitter switch having a first signal Input 30 coupled to a GSM 450 
transmitter and a second signal input 32 coupled to a GSM 900 transmitter. 

[0047] The multiband transfomriation stage 14 Is constructed in multi-layer technology. A first transmission line T1 
of the multiband transformation stage 14 is configured to have approximately a quarter-wavelength characteristic for 
the frequency band of 900 MHz corresponding to GSM 900. A second transmission line D2 of the multiband transfor- 
ms matlon stage 1 4 Is configured such that the two transmission lines T1 and T2 together have approximately a quarter- 
wavelength characteristic for the frequency band of 450 MHz corresponding to GSM 450. 

[0048] The low-power stage 1 6 is configured as transmit/receive switch matrix with a single signal input/output port 
28 coupled to a second signal port 26 of the multiband transformation stage 1 4, four signal output ports 56, 58, 60, 66, 
a signal input port 68, an auxiliary port 62 and a control signal input 64. The signal output ports 56, 58, 60, 66 are 

50 coupled to a 1 900 MHz receiver, a 1 800 MHz receiver a 900 MHz receiver and a 450 MHz receiver, respectively. The 
receivers are not depicted in Fig. 3a. The auxiliary port 62 is terminated with a pre-defined impedance. 
[0049] The input port 68 of the low-power stage 1 6 Is coupled to either a GSM 1 800 transmitter path or to a GSM 
1900 transmitter path of a transmitter stage not depicted in Fig. 3b. The maximum transmit power occurring at the 
signal input 68 is 30 dBm. Thus, the low-power stage 16 may be configured as a GaAs MMIC transmitter/receiver 

55 switch matrix. Usually, such GaAs MMIC devices can handle powers up to approximately 30 dBm. Therefore, the value 
of 30 dBm can serve as a limit with respect to low-power and high-power signals. In future, MMIC devices operable at 
higher powers will become available. Thus, the limit between low-power signals and high-power signals may shift 
accordingly. 
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[0050] The operation of the antenna switch 1 0 depicted In Fig. 3b is similar to the operation of the antenna switch 
of Fig. 3a. Therefore, a detailed description Is omitted. The different operational modes of the antenna switch 10 de- 
picted In Fig. 3b are shown In the following table: 
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mode 


state of signal path 50 


D1 


D2 


transmit GSM 450 


1 


OFF 


ON 


transmit GSM 900 


2 


ON 


OFF 


transmit GSM 1 800 / GSM 1 900 


3 


OFF 


OFF 


receive GSM 450 / GSM 900 / GSM 1 800 / GSM 1 900 


3 


OFF 


OFF 



[0051] In Fig. 4 a simulation setup for the antenna switch 10 depicted in Fig. 3a Is shown. The simulation Is based 
on measured S-parameter data of pin-diode BAR 63 and additional simulation models available in the HPADS library 
^5 as shown In Fig, 6. The simulation, does not Include the low-power stage 1 6 for selectively coupling the signal output 
26 of the multiband transfomriation stage 1 4 to individual receivers or auxiliary ports. Moreover, the low-pass filters 40, 
42 of the high -power stage 12 have also not been included Into the simulation setup. It should be further noted that 
the simulation setup does not Include any components required for biasing the pin-diodes. 

[0052] As can be seen In Fig. 4, Inductors L3 and L4 are connected In parallel to pin-diodes D3 and D4 in order to 
improve the isolation to the first and second signal Inputs 30, 32 of the high-power stage. In the high-band transmit 
mode a series resonant circuit consisting of the parasitic inductance of pin-diode D1 and of capacitor 01 is transformed 
Into an open circuit at the antenna port 22. In the low-band transmit mode a short circuit created by the serious reso- 
nance circuit consisting of the parasitic inductance of the pin-diode D2 and of capacitor c2 is also transformed into an 
open circuit at the antenna port 22. The insertion losses calculated based on the simulation model of Fig. 4 are shown 
25 in Fig. 6. 



Claims 



30 1 . A multiband transformation stage (1 4), comprising: 

a common first signal port (20) and a common second signal port (26); 

a signal path (50) coupled between the first signal port (20) and the second signal port (26), the signal path 
(50) being switchable between a first state with a first quarter-wavelength transformer characteristic for a first 
35 frequency band, a second state with a second quarter-wavelength transformer characteristic for a second 

frequency band and a third state with a transmission characteristic. 

2. The multiband transfomnation stage according to claim 1 , 

wherein the signal path (50) has a first portion (T1) coupled between the first signal port (20) and a first node (52) 
40 and a second portion (T2) coupled between the first node (52) and the second signal port (26), the first portion 

(T1) having a quarter-wavelength characteristic forthe first frequency band and the first portion (T1) and the second 
portion (T2) together having a quarter-wavelength characteristic for the second frequency band. 

3. The multiband transfomiation stage according to claim 2, 

wherein the second portion (T2) Is coupled between the first node (52) and a second node (54) coupled to the 
second signal port (26) and wherein the multiband transformation stage (14) further comprises, for switching be- 
tween the three states, a first switching element (D1) coupled to the first node (52) and a second switching element 
(D2) coupled to the second node (54). 

50 4. The multiband transformation stage according to one of claims 1 to 3, 

wherein the multiband transformation stage (14) is constructed in multi-layer technology or with discrete compo- 
nents. 

5. A multiband switching device (1 0) comprising a multiband transformation stage (1 4) according to one of claims 1 
55 to 4 and a low-power stage (1 6) coupled to the second signal port (26) of the multiband transfomiation stage (14). 

6. The multiband switching device according to claim 5, 
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wherein the low-power stage is a low-power switch (1 6) having a first signal port (28) coupled to the second signal 
port (26) of the multiband transfomnation stage (14) and a plurality of second signal ports (56, 58, 60, 62, 66, 68) 
which may be coupled to the first signal port (28) of the low-power switch. 

7. The multiband switching device according to claim 5 or 6, 

wherein the low-power stage (16) has at least one signal port (62) terminated with a pre-detennined Impedance. 

8. The multiband switching device according to one of claims 5 to 7, 
wherein the low-power stage (16) is a MMIC device. 

9. The multiband switching device according to one of claims 5 to 8, 

wherein the low-power switch Is a multiband receiver switch (16) or a multiband transmitter/receiver switch. 

10. The multiband switching device according to one of claims 5 to 9, 

further comprising a high-power stage (12) coupled to the first signal port (20) of the multiband transformation 
stage (14). 

11 . A multiband switching device (1 0) comprising a multiband transformation stage (14) according to one of claims 1 
to 4 and a high-power stage (12) coupled to the first signal port (-20) of the multiband transformation stage (14). 

12. The multiband switching device according to one of claims 10 or 11 , 

further comprising an input/output port, preferably an antenna port (22), coupled to the high-power stage (12) and 
the first signal port of the multiband transformation stage (14). 

13. The multiband switching device according to one of claims 10 to 12, 
wherein the high-power stage is a multiband transmitter switch (12). 

14. The muttiband switching device according to one of claims 1 0 to 13, 

wherein the high-power stage (12) is constructed in multi-layer technology or with discrete components. 

15. A low-power switch (16) for a multiband switching device (1 0), the low-power switch having a first signal port (28) 
and a plurality of second signal ports (56, 58, 60, 62, 66, 68) which may be coupled to the first signal port (28), 
wherein at least one signal port (62) is terminated with an impedance which is chosen such that a node (24) of 
the multiband switching device (10) is terminated in an impedance-matched manner. 

16. Amobiletelephonecomprisingthe multiband switching device (1 0) accordingtooneof claims 5 to 14, the multiband 
switching device (10) being configured as antenna switch. 
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